Introduction
Selenoketones and -aldehydes are much more reactive than ordinary organic carbonyl com pounds. They commonly react with conjugated dienes uncatalyzed to give the corresponding 3.6-dihydro-2//-selenopyran systems in high yield. This convenient trapping reaction is very often used to identify highly unstable in situ generated selenocarbonyl compounds [1] , We have recently carried out a series of experimental and theoreti cal studies aimed at understanding some of the mechanistic details of the selenocarbonyl plus 1,3-diene [4 + 2] cycloaddition [2] . As a reference for calculating the relative stabilities of various substituted selenoketone cycloaddition products we needed to know the structure of 2 ,2 -diaryl-3.6-dihydro-2//-selenapyran systems in general and had to gather some knowledge about their con form ational response to changing substituents at the ring perim eter. We had previously prepared and structurally characterized a single example (5 a, see below) [3] . To our knowledge this represents the only example whose structure was described in the literature aside from a few dihydroselenapyran * Reprint requests to Prof. Dr. G. Erker. metal complexes [4] . We felt that the available in formation about dihydro-2 //-selenapyran struc tures required as a basis for our calculations needed to be supplem ented. Therefore, we pre pared a variety of additional examples, two of which turned out to be suited for X-ray crystal structure analyses. The structural properties of these new 2,2-diaryl-3,6-dihydro-2//-selenapyrans are reported in this article.
Results and Discussion
The diarylselenoketones employed in this study and in our related previous work were prepared by means of the "Staudinger-Chalcogenation" [5] . In this reaction a phosphorous ylide Ph3 P=CAr2 is treated with elemental selenium to give triphenylphosphinoselenide and the corresponding diarylselenoketone. The latter is usually formed as a bright green m onom er which is stable for pro longed periods of time in solution. Concentration of the solution, however, in most cases results in rapid [ 2 + 2 ] dimerization and formation of the corresponding tetraaryl-l,3-diselenacyclobutane. Brought back in solution, cycloreversion takes place thermally induced (or, more rapidly H +-catalyzed) to again give the monomeric diarylselenoketone. In this way we had prepared selenobenzo-phenone (2 a) and trapped it with 2,3-dimethoxybutadiene. The resulting product, 3,6-dihydro-4,5-dimethoxy-2,2-diphenyl-2 //-selenapyran 5a, was characterized by X-ray diffraction [3] . The ylide lb was treated with elemental selenium analogously. 2,3-Dimethylbutadiene (4b) was added as a trapping reagent and the expected substituted diaryldihydro-2 //-selenapyran product (5 b) isolated as previously described [3] . Bis-(4-fluorophenyl)selenoketone (2 c) was prepared by treatm ent of [bis(4-fluorophenyl)methylene]triphenylphosphorane (lc ) with selenium at 85 °C in toluene solution. This diarylselenoketone was then added to 3,4-bis(m ethylene)-l,l-diphenyl-l-germ acyclopentane (4c) [6 ] . The [4 + 2] cycloaddition product (5c) of the s-c/s-conjugated diene was iso lated in 73% after chromatography.
As expected, 5 c behaves Cs-symmetric in solu tion, probably due to rapid conformational equili bration. There is only one set of 13C NM R reson ances corresponding to two phenyl groups at germanium. The -C 6 H 4F substituents at C(2) are also symmetry equivalent. The methylene carbon resonances of the germacyclopentane portion of the germaselena [4.3.0] pyran ]H NMR methylene signals are observed at (3 = 2.86 and 2.82 (3-H, 6 -H).
Both compounds 5 b and 5c were characterized by X-ray diffraction. Complex 5 b contains a cen tral 3,6-dihydro-2//-selenapyran ring that exhibits a half-chair conformation. This is similar to the typical geometry of the six-membered rings ob served in cyclohexenes and also in dihydro-2 Hpyrans [7] only that the incorporation of the heavy chalcogen atom has led to an increased distortion.
The S e-C (2) bond length in 5 b is 1.996(5) A which is similar as observed for 5 a [2.000(3) A] [3] and thus at the "long" end of hitherto observed selenium to sp3-carbon a-bonds [8 ] . The S e -C (6 ) bond length of 5 b is shorter. A t 1.945 (6) A it is right within the typical S e -C cr-bond range [5a: 1.950 (4) A], The remaining carbon-carbon distances in 5b are quite typical [1.531 (7) A, C (2)-C (3); 1.511 (7) The dihydro-2//-selenapyran conformation is chiral. O f the two possible diastereomeric confor- mations of 5 b only one is found in the crystal. It has the 4-chlorophenyl substituent at C(2) at tached in a pseudo-axial position. The phenyl group at C(2) is oriented pseudo-equatorially. The individual bonding angles at C(2) differ con siderably from their 109.4° C(sp3) average. They range from 114.7(4) to 105.7(3)° (see Table I ). The sum of bonding angles inside the six-membered ring of 5 b is almost 40° away from a planar situ ation. The individual bonding angles at Se (92.3(2)°), C(2) (105.7(3)°), C(3) (120.2(4)°), C(4) (125.5(5)°), C(5) (124.8(5)°), and C(6 ) (114.5(4)°) add up to 683.0°. The olefinic carbon centers C(5) and C(4) exhibit an ideal trigonally planar coordi- nation geometry with their carbon-carbon bond angles summing up to 360.0° and 359.9°, respec tively. However, the individual C -C -C angles at each of these C(sp2) centers deviate substantially from 120° [9] . The angles at C(4) are 125.5(5)°, 123.2(5)°, and 111.2(5)° (see Table I ), those at C(5) am ount to 124.8 (5) This specific structural feature of the unsymmetrical C -C -C angle distribution around the olefinic atoms C(4) and C(5) makes it interesting Table III (2)-S e bond length is rather long at 2.016 (7) A, the C(6 )-S e distance is 1.945 (7) A. The total ring perimeter of the dihydro-2//-selenapyran moiety in 5 c is 9.872 A. The corresponding sum of the bonding angles is 682.1°. Both features are quite characteristic for comparing the con formational properties of the dihydro-2 //-selenapyran half-chairs in these compounds. We note that these typical values are found to be identical within a < 1 % deviation among the compounds 5 a, 5 b, and 5 c. We thus conclude that the general conform ational properties of 2,2-bisaryl-3,6-dihydro-2 //-selenapyran systems can adequately be described by these experimental structures. It is likely that these model compounds may be used to explain the structures of related examples exhi biting different substituent patterns as well, as it is required for the computational studies mentioned in the introductory paragraph [1 0 ].
Experim ental Section
The reactions were carried out in an inert atm osphere (argon) using Schlenk-type glassware or in a glove box. For further general information including a list of spectrometers used for charac terization see ref. [3] . The ylides l b and l c were prepared as previously described [3] . 3,4-Bis-(m ethylene)-l,l-diphenyl-l-germ acyclopentane 4c was prepared according to a literature procedure [6 ] . TTie preparation of 2-(4-chlorophenyl)-3,6-dihydro-4,5-dimethyl-2-phenyl-2 //-selenapyran (5 b) was described previously [3] . [Bis(4-fluorophenyl)m ethylene]triphenylphosphorane ( lc , 0.70 g, 1.51 mmol) was dissolved in 120 ml of toluene. Selenium (0.26 g, 3.27 mmol) was added and the reaction mixture stirred for 4 h at 85 °C. The bright green mixture was cooled to 75 °C and 1.0 g (3.08 mmol) of the diene 4c was added. The green color disappeared immediately. The reaction was allowed to go to completion dur ing 6 h at 75 °C. Excess selenium was removed by filtration. Solvent was removed in vacuo. The resi due was taken up in 2 0 ml of pentane and filtered from the precipitated triphenylphosphinoselenide. The filtrate was concentrated and chrom ato graphed at neutral alumina (act. I) with toluene to separate excess diene from the product. Yield of 5c: 0.65 g (73%), m.p. 101 °C. Crystals for the X-ray crystal structure analysis were obtained from pentane. 5, 134.4, 129.4, 128.6 (G e -P h ), 132.5, 128.5 (C=C), 48.0 (C-2), 43. 2, 26.1, 24.2, 24 .0 (C H 2). -IR (KBr): i/(c m^) 3068, 2943, 2884, 1599, 1505, 1228, 1093, 1014, 832, 802. 
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